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VI. Uses of the Invention 

Ustpast uses, current uses and potential uses for your invention 

^'Srfn ta£EhJ£ "aser devices where .aser or pump beams are ^fleced off of a surface of the 
^SfftrwliMons involving laser illumination, materials processmg and laser weapons. 


Commercial or other uses or possibilities for use: 

Same as above. 


VII. Documents Describing the Invention 


Title/Subject ■ - 

Briefing to Boeing (formerly Rockwell): "Kilowatt-class Yb:YAG slab laser for illuminator applications* 


Air Force personnel from Phillips Lab 


Briefing to CRADA partner personnel 


Zapata, and references therein. 
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can prevent any useful gain > 0 nepers. 

reSvlty for low angles useful for confining pump light or reflecting the laser beam. 



Description OT me invenuvn vyvu mo/ - — - r - r -,. i ni a AO Th^ 

Figure 1 (attached) shows a surface of a laser gain element with incident rays rl and rl at "JfV™ 
surfaceof the gain element (with indexnl) shown in the figure has a transparent coating of index n2.fecoaung 
thicknesses sufficiently large, angles ei>ArcSin(n2/nl) are reflected at the gain element/coating mterffce by otal 

could sUU undergo .otal internal reflection for 63>ArcSin(n2/n3) where n3 is the index of the surround^ medium, 

by roughening the surface or applying a diffusely scattering material such as particles of BaS04. 

medium of index n3, and index n 1 (air) on the remaining two end faces it can be : shown ma jparas y 
completely trapped by total internal reflection (i.e. with zero loss) if n3<(nl A 2-l/2) l/2(see ' a«acnea inures z 

LfsSTnerr^ 

I cXal anglffor tota! interna. reflection be greater man 45 degrees, i.e. 45<ArcS,n(nl/n3). ta tlus« y a ray 
mat was incident a, angles 6 and 90-9 at the two perpindicular faces and would not undergo total m.er-1 refkcuon 

at both faces. 

For our experimental demonstration, we used a Yb:YAG rectangular parallelled slab f^^f^^ * 
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X. Invention Description (continued) 

"Description of the invention (you may also attach a paper) 


Description ot the invention (you may a.so anac a v *w Please include a sketch of the invention, if possible. 

We wanted to maintain high reflectivity for shallow angles such that the pump light at 941 nm and the aser light 
at 1030 m would undergo total internal reflection with zero loss. Therefore, we wanted to apply a coating of 
index only slightly larger than the n=1.677 value in order to maintain reflectiv.ty over the widest range of angles 
without trapping parasitic rays. Since no standard thin film materials axe very near this index, we initially used 
A1203 coatings (n= 1 .62) despite its index being slightly below the desired value and then for our second iteration 
we : used la multilayer of A1203 and Hf02 to yield an effective index of n=l .7. The latter was calculated using a 
commercially available multilayer thin film computer program (TFCalc). 

To suppress the reflectivity of the outer surfaces of the coating, we identified several possible methods. A 
tfSSard method is to apply an absorbing film such as Ge or Cr, although this would result in local heating 
as fluorescence and ASE is absorbed in the thin coating. Alternately, a diffusely reflecting surface can be obfcmed 
bv applying a thick layer of nonabsorbing particles of sizes on the order of the wavelength of the incident light. 
This is the basis for the BaS04 coatings commercially sold by Kodak for diffuse reflectors (e.g. integrating 
spheres) We also investigated A1203 and Zr02 "high temperature paint" which was found to survive >100 
W/cm A 2 1.064 urn light. Since the BaS04 was straightforward to apply most of our experiments used this 
material. We also investigated the possibility of obtaining a ground surface finish on the exterior of the parasite 
Sporession coating. One option investigated here was to use ZnS as a soft, layer to be ground with the harder 
Sr^SalL the etch stop. This seemed to be a higher risk approach and was shelved until deemed necessary. 

In a zie-za* slab, only two of the faces are cooled in order to maintain one-dimensional heat flow. On these faces 
we decided that absorbing the fluorescence would be the best solution since this could be done with very high 
rffidency In this case, the cooled side faces (3.5 x 100 mm) had the n=1.7 multilayer cladded by an absorbing 
layer of Ge. The top and bottom faces (2.5 x 100 mm) of the slab, which are usually insulated in the zig-zag 
design had the n=l 7 coating with BaS04 particles applied to the outer surface The attached Figure 4 shows the 
caSted [reflectivity vs angle at 1030 nm for the 3.5 x 100 mm faces. Using a He-Ne probe beam, we venfied 
the sharp angular cutoff at the internal angle of -70 degrees. 

Figure 5 shows the utility of these coatings verified with pulsed gain measurements performed on the Yb: YAG 
dab. With the coatings, a gain of 0.8 nepers was achieved in a geometry that would otherwise not generate any 
gain (i.e. 0 nepers) 

This approach can also be applied to other laser gain element geometries such as rods Measurements of the gain 
profile in our rods with polished barrels indicate the presence of barrel modes trapped in a radius r > 
r(rod)*n(coolant)/n(YAG). The attached viewgraphs describe an approach which was proposed but not 
implemented for reducing the effects of the trapped barrel modes. 
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Inventor's Perm anent Home Address (Please attach a separate sheet tor additional inventors.) 

Citizenship I Street Address 


Full Name 


City. State. Zip Code 


Eric C. Honea 
Raymond J. Beach 
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1 pling Tee o?P^|ect Under Which me .nvention Arose (.ndude subcontracts. CRAOAs. inlecnationa. agreements. wo* .or omers. or specia! project 
information.) 

Bocins (Formerly Rockwell) CRADA TC0195-92 


Resource Manager Phone * 
ITothv All^n 3-4009 

Is funding presently being provided for D Yes 
development of your invention? ■ No 

LLNL Acct # 

4720-35 

<-DP03o/C/d) 

Please state the source of funds (if same asaoove, please so state) 

Subcontract # 

DOE Program Code 

Do you reasonably expect future funding □ Yes 
from the current source or other sources? □ No 

CRADA # 

Work for Others* 

If yes, what is that source? 


XIII. Conception of the invention 


Conception Date 


Conception Place 
LLNL 


• Earliest documentation of you r Invention (please provide date and Identify the document) 

Thermal calculations for slab laser incorporating these coatings were performed May IWl. 
Tes^ YAG witness samples Ordered 6/23/97 from Quality Thm Films (Oldsmar, 
Florida) _ _ 

Names of Witnesses or others with knowledge of facts relating to conception (preferably at least 2) 


First Sketch or Drawing Dat 
First Written Description Dat 


Full Name 
William F.Krupke 


Organization 
LLNL 


Telephone Number 

(925)422-5905 


Steven A. Payne 


LLNL 


(925)423-0570 


YIV- Reduction To Practice of the Invention 


Date first model completed 


Date of operation and testing 


Place of test 
LLNL, B 166 


Results of testing 
First tests showed parasitic 


threshold of 0.35 nepers of gain, improved design (Dec 1997) showed 0.8 nepers 


Witnesses r others with direct knowledge of test (preferably at least 2) 
Full Name 


Joe! Speth 


Scott Mitchell 


Organization 
Lasers 


Lasers 


Telepho ne Number 

(925)422-2291 


(925)423-8843 


XV. Invention Use and Disclosure 


If yes, explain 


Has the ■ Yes 

Invention been 

put into use? □ no 


Yes 


Is the invention 
scheduled to be 
put Into use? q no 


Has the invention been disclosed 
to non-LLNL personnel? 


■ Yes 

□ No 


tf yes, was the disclosure done under □ Yes 
a non-disclosure agreement? q no 


If yes, 
to whom 
and when? 


Name 


Dennis Harris, Boeing (Formerly Rockwell) 


PetrasAvizonis, Boeing (Formerly Rockwell) 
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